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THE BIRTH OF THE ROYAL 
AIR FORCE 


THE EARLY HISTORY & EXPERIENCES OF THE FLYING SERVICES| 


By Air Commodore J. A. Chamier, C.B., C.M.G., D.S.0., O.B.E. A spirited account of the rise #4 
development of the Royal Air Force and, in particular, of the part it played in the Great War of 19 
to 1918, the operations being illustrated by many maps. Early types of machines are depicted » 
artist’s drawings, details of their performance being given in each case. 15s net 


AERO ENGINES 


By A. N. Barrett, A.M.1.A.E., A.F.R.Ae.S. This book gives full particulars of the practig 
experience and qualifications required by a Ground Engineer and describes in detail the numer 

tests which he will be detailed to carry out in the course of his duties. This book, now in its nim 
edition, should be in the hands of all ground engineers in the engine categories, and all connected wis 
aeroplanes will find it interesting. 5s ne? 


NOTES ON SUPERCHARGING FOR GROUND ENGINEERS 


By C. E. Jones. A useful collection of notes, including formula and tables, for ground engine 
and students requiring information on supercharged engines. Although in note form it covers the Broun) 
comprehensively from first principles up to corrections of observed power by A. and B factors, and isa 
sound and practical guide enabling readers to familiarise themselves quickly with this phase of the wos 
All the tables and formulz required are provided in the book. Third Edition. 4s. nei 


ESSENTIAL METALLURGY FOR ENGINEERS 


By A. C. Vivian, B.A. (Cantab.), etc. Lecturer on Metallurgy at the R.A.F. School of Aer? 
nautical Engineering. !n this book the reader is given a short account of the essentials in mode 
control over the properties of metallic materials. It is a book, devised on new lines, aiming at th 
correct, complete but easy understanding by technicians of the diverse metallic alloys of engineerin; 
Simplifications are its strong features, including a unification of all ‘‘ heat treatment "’ into one syster 
which safely brings this complex matter within the reach of all. 8s. 6d. ne: 


Some of the books advertised may be temporarily out of stock when you place an order. If you have 
any difficulty in securing copies of Pitman Books through your bookseller, write to Enquiry Department, 
* Pitman House, Kingsway, London, W.C.2. Please do not send money when making enquiries. 
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BAKELITE © PLASTICS 


Pioneers in the Plastics World 


BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.1 


HYDRAULIC PACKINGS 
SEALS e GASKETS 


GACO is ideal for hydraulic sealing being 
grainless, resilient, non-porous, and _ highly 
resistant to oils, fuels and chemical corrosives. 
It is widely used in the hydraulic and pneumatic 
control systems of aircraft where only materials 
of the highest grade can be employed. Its 
unequalled surface finish and dimensional 
accuracy are well known to all designers. 
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‘VICKE RS-ARMSTRONGS 


Head Office: VICKERS HOUSE BROADWAY LONDON :S-W:1 
yi . As for comparison with R.A.F. aircraft, the only British twin- 
dieed heavy bomber in the front line to-day is the famous Wellington, 
Ajvhich, in action from the first day of the war, preceded the Ju.188 by 
fur years. . . . . Daily Mail 15-11-43 


THE LIGHTEST 


FRAMES. 
FOR TYPEWRITERS 


Typewriters, duplicators, sewing 
machines, suitcases and all the 
other items of domestic and office 
equipment classified as ‘‘ portable,’’ 
will become far lighter than ever 
before when designers can use 
MAGNUMINIUM base alloys. 
Magnuminium is four times lighter 
than steel, possesses high strength/ 
weight ratio, is unsurpassed in 
machinability and can be fabricated 
by methods similar to those used 
on other metals. Full details on 
request. to the Sales Department. 


macnesium ‘BASE ALLOYS 


g AGNESIUM CASTINGS & PRODUCTS LTD e SLOUGH 
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THE PIONEER MAGNESIUM ALLOYS 


The proved ELEKTRON alloys are produced in all forms by the most accomplished 
founders and wrought material manufacturers. ELEKTRON used in aircraft 
means increased carrying meee. 


& CO LIMITED, Argyle Street ‘orks, 
Suppliers of Magnesium and Elektron" 


Metal forthe British Empire: 


Not without good reason have Wimet Tips become 
the standard by which all others are judged, for 
since we, the original pioneers in the manufacture 
of carbide tools in this country, produced Wimet 
Brand Tool Metal from which Wimet Tips are 
made, it has remained absolutely unsurpassed, the 
best tool metal ever used. Making for greater 
speed and accuracy as they do, Wimet Tips can- 
not fail to have a most stimulating effect on pro- 


LONDON - BRISTOL - BIRMINCHAM - MANCHESTER - LEEDS - CLASCOW - NEWCASTLE 


Nechells. Birmingham. 7. @ sl Extrusions, Etc. : 


S.E.14 @ Sheet, Extrusions, Forgings & Tubes: JAMES Boo" 
LIMITED, Wocdgate. Quinton, Birmingt 
F. A. HUGHES & CO. LIMITED, Abbey House, Baker Street, London, Nv 


Wimet 


WIMET N. For cast iron, non-ferrous 
materials and general use 
For chilled iron rolls and ex 
tremely abrasive materials, 
For aluminium and al 
minium alloys and certain 
classes of steel. 

For finishing cuts at high 
speeds. 

For rapid metal removal at 
medium speeds. 

For heavy duty and inter 
rupted cuts on steel where 
conditions are unsuitable 
for other grades at corres 
ponding range of speeds 
For metal planing an 
woodworking. 


WIMET H. - 
WIMET X. 


WIMET XxX. 
WIMET X8. 
WIMET S 58. 


WIMET G. 


duction, and their use will prove a very effective 
economy, due to their long working life between 
regrinds. Wimet, the finest and most durable 
all, are the only tips to use on your cutting tool. 
Our specialists are available to assist you in the 
application of Wimet to your production problems, 
and there is a grade of Wimet Tool Metal for eveqy 
machinable material. 

Immediate delivery of standard tips from stock 


COVENTRY @ ENGLAN 
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American Commentary 


The British Spitfire broke new ground 
in the design of fighting planes, and the 
Rolls-Royce Merlin engine remains the 
most highly developed liquid cooled power 


plant in the world. 
From LIFE Magazine 
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FIR 


36,000 HOLES 


for 


ESSENTIAL 
BUILDINGS 
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ings 

A wise’ control decrees that 
CELLACTITE may siill be supplied for rom nd mini 

essential work. Thus with building restricted to gad pet 

nationa! needs, we are still here to serve you with the “a 

roofing, side sheeting and ventilators that have so long proved eee 

ideal for every sort of industrial building CELLACTITE steel- es 

2 core, asbestos-asphalt is quickly applied with a minimum of roof structure tube 


and labour. It cannot crack or break either during transport or after erection. It needs no aft’ app 
attention, giving permanent protection without painting, even when subjected to corrosive condition org) 
May we quote or supply full reference information ? : gea 


CELLACTITE & BRITISH URALITE LTD. airs 
use 
, COV 


Terminal House, 52 Grosvenor Gardens, London, S.W.1 


‘Phone : "Grams : 
SLOane 5127 (4 lines) Cellactite, Sowest, London 
Works: Higham, Kent 


THOS FIRTH JOHN BROWN LTD SHEFFIELD) 
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’ OF USES FOR ALUMINIUM 
PRESSINGS ? 


“AUTOMOTIVE PRODUCTS COMPANY 


S—the automobile and 
many other industries will 
\ use an infinite variety of press- 
ings in HIDUMINIUM R.R. 56 
high-tensile, lightweight alu- 
minum alloy. This alloy 
can be manufactured in a 
wide range—forgings, stamp- 
ings, pressings, extrusion, 
tube, sheet and strip. Its 
no aft’ applications range from ordinary cycle for technical data concerning Hiduminium 
nditions cranks to locomotive connecting rods, from high-tensile, lightweight aluminium alloys to 
gear cases to aeroplane wheel forks and the Sales Department. 
airscrew blades. In sheet form it is widely 


used for cowlings, covers and stressed skin 
Coverings. Readers interested in the better 
design of post-war products should write 


HIGH DUTY ALLOYS LIMITED @& SLOUGH 


‘ | ENGLAND 
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Aeronattical design of the pay 
and therefore of the present owe 
an immense debt to Reynoli 
in their development of supe. 
strength, super- light Ste 
Tubing, to say nothing of the 
pioneer work in Aluminium Alby 
Components for all purpose 
in Aircraft Construction. Sud 
progress continues, whe 
Photograph—Fox Photos huge passenger and freigh 
carrying planes roll from tt 

assembly shops of Peace-time production—it wily 

be tound that Reynolds are “in the majority’ 


TUBES-RODS-SECTIONS- SHEET & STRIP IN "HIDUMINIUM” ALUMINIUM ALLO" 


REYNOLDS TUBE CO. LTD. & REYNOLDS ROLLING MILLS LTD., BIRMINGHAIM, {| 


Il ex 
Specialists in fuels w 
NGS & FIXTURES 
PRESS TOOLS 
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ASSEMBLY JIGS & and b 
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Il expect a performance that will make 
newar standards look silly! Better 
juels will be matched by still better engines, 
with dead weight cut out by the use of 
light alloys. That will apply to chassis 
and body-work too— the great technical 
advances in the use of these new metals 
make it inevitable. This is one more 


reason why ‘ International ’ are so proud 


tobe makers of t the highest grade aluminium 


dloys for every conceivable purpose. 


SLOUGH, BUCKS 


TELEPHONE: SLOUGH 23212 Inia TELEGRAMS: INTALLOYD SLOUGH 
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, that has revolutionized 
> existing meth 


AND STILL Mon 
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ron INFORMATION OF VITAL IMPORTANCE Daty 
Applications from all overs) 

TO ALL USERS OF FLEXIBLE HOSE are being 


+’ TO 4” DIAMETER + Flexatex solves many problems at present associated treatise. Gives useful techy 

with flexible hose. Each type is constructed from data on Flexatex, togetherwi 
materials selected to suit the operating conditions. The full instructions on its applic 
unique design brings better relative performance than tions and some remarks on: 
any other type. Flexatexisthe result ofcloseexperiment ‘onstruction. Bona fide » 
by a technical organisation versed in such problems 2's 2*¢ invited to applyt 
of industry. . . . Wilkinson Rubber Linatex Ltd. the Manval: If details of 


: or gases to be conveyed 
organisation that produced the original Linatex self- ,-ovided, specific ‘ete 


. sealing flexible fuel hose. It is a Wilkinson product. will also be supplied. 
& Tel : Camberley 1595. Also in Canada, Australia, South Africa, U.S.A., etc. = 
AIR 


WILKINSON RUBBER LINATEX LTD., FRIMLEY ROAD, CAMBERLEY, SURREY 


—for Macrome-brand tools and for small tools treated by 
the Macrome tool-toughening process, as manufacturers 
come to realise the outstanding advantages the Macrome- 
treatment of small tools offers in increased production 
in reduced labour and in greater average tool perform- ‘ 
ance. THREE THOUSAND of the leading engineering 
firms in the country now regularly use Macrome-treated 
tools. 


THE TOUGHEST TOOLS 
‘Gil IN THE WORLD 


MACROME LIMITED, ALCESTER, WARWICKSHIRE 


ALSO AT LONDON GLASGOW MANCHESTER - LEICESTER 
LEEDS - COVENTRY - BRISTOL - NEWCASTLE-ON-TYNE - BIRMINGHAM 
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JABLO BLADES 
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with minimum 
weight 
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WARWICK, \ AUIATION CO.LTD 


\ AERONAUTICAL ENGINEERS — 
\ AND CONSTRUCTORS 4 


Contractors to the Air Minitry, War Office and Admiralty 
DESIGNERS OF AIRCRAFT | 


OFFICE: SALTISFORD, WARWICK 
*Phone : Warwick 693 


Taace 


NON-FERROUS 
MACHINED PARTS 


~ and CASTINGS for 
AIRCRAFT 


MARK 


“Fully Approved by Admiralty At)” 


IRKETT Sons, Ltd) 


MANLEY- STAFFS ~ 


Telegrams: BIRKETT,HANLEY, STOKE-ON-TRENT 2184 
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HOBSON (AIRCRAFT & MOTOR COMPONENTS) LTD. 


TS | THE 
WHIRLWIND 
FIGHTER-BOMBER 
x * 
Designed and Constructed by 


WESTLAND 
AIRCRAFT 


The drum of the 


LANCASTER 


the buzz of the 


MOSQUITO 


and the shriek of the 


SPITFIRE 


owe their power 
to the famous 


ROLLS-ROYCE 


engines fitted with 


Made by Lodge Plugs, Ltd., Rugby 
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im with Aegal and the fleet 4 


The Balloon 


The brothers Montgolfier are credited with 
the invention of the “hot air’’ balloon, and | 
their many experiments led eventually to a | 
flight of one and a half miles, carried out in 
1783. Later balloonists attempted to sustain | 
flight by “taking the fire with them,’’ and 
though many disasters occurred their 
perseverance added much to man’s store of 
positive knowledge. A leading source of 
positive knowledge. to the pilot of to-day 
is provided by Weston Aircraft Instruments, 
which so faithfully guide and inform him 
from take-off to landing. 0 


Carbon & Alloy Steels 


AG FORGINGS, CASTINGS 
INSTRUMENTS 


RAILWAY MATERIALS 


. | 
POSITIVE KNOWLEDGE FROM | Small Tools & Tool Steels | «; 
TAKE OFF TO TOUCH DOWN | 


° ENGLISH STEELCORPORATION") 


PRODUCT OF VICKERS WORKS - SHEFFIELD mi 
SANGAMO WESTON LTD. ENFIELD, MIDDLESEX 
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IN GS] x It is available in a wider range of sizes | 
and thicknesses than any other trans- 
1ALS parent synthetic resin material. | 


& It is ideal for the production of difficult 1 PRECISION AXIAL-FLOW 
shapes. 


eels ‘PERSPEX” is the perfect transparent Q & 
material for aircraft. 


IMPERIAL CHEMICAL INDUSTRIES LT. 
HEFFIELO Sales Offices at: Mill Hill, London, N.W.7; Oldbury, THE AIRSCREW COMPANY LTD ENGLAND 


near Birmingham ; Alderley Edge, Cheshire ; Bristol ; 


York ; Newcastle - on - Tyne ; Leicester; 
Bradford; Glasgow; Belfast; Dublin. 
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has played a vitally important part in the construc- 
tion of wooden aircraft components. The test of 
time has conclusively proved its extraordinary 
durability and unfailing strength under the most 
drastic conditions. For this reason the leading 
Aircraft Manufacturers specify ‘‘ Certus.”’ 


Sole Manufacturers: 


CENTRAL CHEMICALS LIMITED 

HOP 1558 ADHESIVE SPECIALISTS Boroh, Lo 
CENTRAL BUILDINGS, 24 SOUTHWARK STREET, LONDON, S.E.1 

(Fully approved for Testing and Issue of Release Notes under Air Ministry Ref. 437610, July, 1923) 2 
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The “SWORDFISH” 
The Ocean Gladiator. 
Widely distributed in the warm seas, and 
a mighty antagonist There exist records 
of great sport with swordfish in the Straits 
of Messina about 100 B.C 
We have heard of their activities in this, 


and other areas, in more recent times. 


Lhe Aeroplane 


In the pages of aeronautical history an honoured place is due to two more 
visionaries for whom theory was not enough. Henson and Stringfellow 
were scekers after positive knowledge, and from 1842 onwards they 
constructed a series of model steam-driven aeroplanes from which, had a 
lighter power unit been available, might well have developed the, first 
man-carrying flying machine. Positive Knowledge is essential to the air- 
crews of today .. . and it is supplied by the accurate, reliable Weston 
Instruments which guide and inform from take-off to landing. 


Ou INSTRUMENTS 
(Sangamo Weston Ltd., Enfield, Middlesex) 
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Protractor is indispensable to 


aids, write 


Makers of all \types of 
Protractors for: nédrly thirty 
years, we are:.praducing the 
celebrated "DOUGLAS" 
Protractor. in ever incheasing 


quantities. The “DOUGLAS " 


all navigators, supplied ‘in two 
sizes, 5" and 10" square.\- 
The “MACLEAN™ DLR 
(Dead Reckoner) Protractor of 
new design is now in full pro- 
duction, Designed primarily 
for Air Navigation, it is simple 
to use and serves as a constant 
minder of essential data. 


further. -particulars off 
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illustrated brochure to 
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THE MODEL 7 50-Range Universal d 
AVOMETER 


Electrical Measuring Instrument 


A self-contained, precision moving-coil instrument, 
conforming to B.S. Ist Grade accuracy require 
ments. Has 50 ranges, providing for measuring 
A.C. & D.C. volts, A.C. G DC. amperes, resistance, 
Capacity, audio-frequency power output and de 
cibels. Direct readings. No external shunts or 
series resistances. Provided with automatic com 
pensation for errors arising from variations in 
temperature, and is protected by an automatic 
cut-out against damage through overload. . j 


Orders can now only be accepted which bear ¢ 
Government Contract Number and Priority Rating 


Sole Proprietors and Manufacturers: 


AUTOMATIC COIL WINDER & ELECTRICAL 
EQUIPMENT CoO., LTD. 
Winder House, Douglas St., London, S.W.1. Vic. 
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28 AERONAUTICAL 
FIRST PLACES 


Your Best Guide to 
Successful Courses 


Recent T.1.G.B. Successes 
A.F.R.Ae.S. Examination 


1943—FIRST PLACE, AERODYNAMICS 
1943—-FIRST PLACE, AIRCRAFT DESIGN 
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THE ROYAL AERONAUTICAL SOCIETY 
WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS 


MONTHLY NOTICES 
FEBRUARY, 1944. 


New Year Honours. 
Kunighthood- 
Captain Geofirey de Havilland, C.B.E., Fellow. 
Oliver E. Simmonds, M.P., Fellow. 
Aur Marshal R..M. Hall. C.B., M-C., M:A.. Fellow: 


C.B.E. (Military)— 

N. E. Rowe, Fellow. 

Frank Whittle, \ssociate Fellow. 

Mr. H. M. Woodhams, Associate Fellow. 
O.B.E.— 

Wing Commander .\. C. Kermode, B.A., Fellow. 


Society of British Aircraft Constructors’ Scholarships. 

The $.B.A.C. Scholarships are open to British subjects between the ages of 
16 and 18 on the ist September in the year of the award. They are designed 
‘for the assistance of young men who are unable, for financial reasons, to take 
up a course of education fitting them to become aircraft engineers. The general 
administration is carried out by the Royal Aeronautical Society and applications 
for entry forms should be addressed to 4, Hamilton Place, W.t. Entries for 
i944 close on February 28th, 1944. 


Lectures. 
| The following lectures have been arranged. They will be delivered at 5.30 p.m. 
inthe Lecture Hall of the Institution of Mechanical Engineers, by kind permission 
of the Council of the Institution : 
February 1oth, 1944.—‘‘ Flight Testing Methods,’ by Mr. E. T. Jones, 
M.Eng., A.F.R.Ae.S. 
February 24th, 1944.—‘** Structural Features of German Aircraft,’’ by Mr. D. 
M. A. Leggett, Ph.D., A.F.R.Ae.S., and Mr. H. Davison. 
March oth, 1944.—'‘' Aerodynamic Features of German Aircraft,’’ by Mr. 
M. B. Morgan, M.A., A.F.R.Ae.S., and Mr. R. Smelt, B.A. 


Graduates’ and Students’ Section. 

The following lectures have been arranged by the Graduates’ and Students’ 
Section. They will be delivered in the Library, at 4, Hamilton Place, W.1, 
at 7.30 p.m. 

Wednesday, April 19th.—Mr. A. J. Penn on ** The Design and Operation of 
Superchargers.” 
25 
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Thursday, May tith.—Mr. J. .\. Churchill on Power Plant’ Installation 

and Design.”’ 
Graduates and Students are also invited by the Graduates’ Branch ol the 

Institution of .\utomobile Engineers to the following meetings :— 

Sunday, February 13th.—Informal Talk by Mr. John Bolster on ** How to 
Make Your Own Motor Car.”’ 

Sunday, March 12th.—Paper by Mr. C. L. James on 
for Automobile Suspension.”’ 

Sunday, April 16th.—Informal ‘Taik by C. Kimber on ** The Sports Car— 
Its Past and Future.”’ 


‘ 


Torsion Bar Springs 


All the above will be held at 3.0 p.m. at the Institution of Automobile Engineers, 
12, Hobart Place, S.W.1. 


Graduates’ and Students’ Visits. 
. . . . . . . . . 
Phe delay in advising Graduates and Students, who have intimated their desire 
to attend the De Havilland Assembly Plant, is due to spread over of visits to 
one per month until May. 


Branch Lectures. 
The following Lectures have been arranged before the Luton Branch :— 

Wednesday, oth February, 1944, at 7.15 p.m.—Lecture on ‘‘ Compressi- 
bility,” by Dr: W. Hilten,. B.Sc., A-F.R.AeS., of the 
Aerodynamics Dept., National Physical Laboratory, ‘Teddington. 

Wednesday, 1st March, 1944, at 7.15 p.m.—Lecture on ‘* Superchargers,” 
by A. J. Penn, A.M.I.Mech.E., Supercharger Development Engineer, ¢ 
ID. Napier and Son, Ltd., .\cton. 

Wednesday, 5th April, 1944, at 7.15 p.m.—Lecture on * Air Transport,” 
by Dr. Roxbee Cox, B.Sc., D.LC., F.R.Ae.S., Vice-President of the 
Royal Aeronautical Society. 


Council Election. 


Attention is drawn to the following Rules for election of Council. Nominations 
for Council should be received by March 3rd, 1944. Nomination forms may be 
obtained from the Secretary. Attention is drawn to possible delays in the post 
at the present time. 

RULE 17.—One half of the Council (excluding the President and the imme 
diate Past-President if a Member of Council) shall retire annually. — The 
members who shall retire shall be those longest in office, except as 
provided in Rule 77. Retiring members of Council who have _ served 
for two terms in succession (four years) shall not be eligible for re- 
election until the next annual election, when they will be eligible. 


RULE 72.—The composition of the Council shall be as follows :- Mc 
(a) Not less than sixteen shall be elected from the technical or scientific 
grades of the R.Ae.S., that is to say, from among the Fellows, a 
Associate Fellows, .\ssociates and Graduates. of 
(b) Of these sixteen, four at least shall be Fellows. pla 
RULE 73.—Nominations of candidates for election to the Council must be _ tak 
received by the Secretary not Jess than twenty-one days before the — ap 
Annual General Meeting, with an intimation in writing by the Candidates 
that they are willing to serve. Nominations must be signed by one An 
supporter and two seconders, who must be each entitled to vote in : 


the R.Ae.S. 19. 
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Elections. 
The following members were clected at a recent meeting of Council :— 

Associate Fellows.—George Douglas Chapman, Robert Charles Cox 
(from Associate), Sidney Henry James Freemantle (from Graduate), 
Cecil Walter George, Charles Leslie Hinings, Harry Michael 
Keegan, Sidney Kirkby (from Graduate), Lionel Edward Leavy, 
Arthur Francis McKeown, George Wishart Nicholas (from Graduate), 
Cyril George Pullin, Rowland Towers (from Graduate), Stanislaw 
Wernicki, Patrick Huia Wilkinson (from Graduate), John Arthur 
Charles Williams (from Graduate). 

Associates. —George Robert Mlison, Cyril Arthur Baker, Joseph Baker, 
Cyrus William Bennett, Harry Bentley (from Student), Douglas 
Leonard Bisgood, Maurice Booth, \rthur Valentine Cleaver (from 
Student), Arthur Ernest Fishlocke, James Joseph Vincent Flavin, 
Harold Howard Gott, Claude Douglas Hurst, Cameron Frederick 
Mervyn Jones (from Student), Raymond Alan Kellow, George 
Bernard McEvoy, William Brydon Fraser Mackay, Philip Idwal 
Morgan, Vincent John Van der Merwe, Douglas Cecil Hampton 
Owen, Reginald Edgar Packer, Norman Kenneth Parry-Billings, 
Robert Henry Peacock, Edwin Charles Witter Pearce (from Student), 
Sidney John Peskett, Clifford Frederick Upham, James Webber, 
Walter Richard Wells, William Charles Maxted Whittle, David 
Ernest Williams. 

Graduates.—Peter Kenneth Cowan (from Student), Thomas Kenneth 
Garrett. (from Student), Sidney Clifford Bernard Hailey, John 
Humphries, William Aylwin Jones, Richard Norman Kemp, Anthony 
Arthur Rose, Austin Geoffrey Smith, Robert Neville Stott, Joseph 
Arthur Tickell, Vivian) Humphrey Wickham, Charles Frank 
Watkinson (from Student), John Bennett Witchell, Donald Arthur 
Sydney Woodbridge. 

Students.—Robert Henry Watson Annenberg, Ronald George Bailey, 
Walter Gordon Bradfield, Raymond Montrose Brown, Leonard 
James Lewis Davies, Douglas Frank Denny, Peter Ebershardt, 
Allan Henry Griffiths, Peter George Griffiths, Ernest. Ralph Hall, 
Digby Kenneth Harris, Robert Alan Jeffs, Keith Kirkus, Jack Harry 
London, David Howitt Marshall, Peter Mitchell, Ian Richard Muir, 
Ralph Oakes, Arthur Loftus Paddington, Colin) Richard Kirwan 
Peal, Charles Erling Gjertsen Payne, J. E. Rapson, James George 
Preston-Holt Risehalgh, Gordon Rosenthal, Patrick James Sibley, 
Joseph Stevens, Frederick Arthur Swan, Bruce Maynard Taylor, 
Francis Todd, Rex Waller. 


Companions.—Guy Mexander Parker Hunt (from Student). 


Monthly Notices. 

The Secretary very much regrets that members to whom the Monthly Notices 
were sent last month were asked for a surcharge on the postage. The method 
of sending these circulars out was approved by the postal authorities in the first 
place and no difficulty has been experienced in the past. The matter is being 
taken up with the postal authorities and it is hoped members will accept this 
apology and will not be troubled again in this way. 


Annual Subscriptions of Members. 
Members are reminded that their 1944 subscriptions became due on rst January, 
1944. 
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The Council are very grateful to all those members who have offered to forego 
their Journals for the duration of the war. The same reductions will be made 
to the 1944 subscriptions of these members as applied to the 1943 subscriptions, 
Subscriptions of Fellows, Associate Fellows, Graduates, Companions and 
Founder Members, who have given up their Journals will therefore be reduced 
by 10s. 6d. Associates will receive the reduction already laid down in the Rules 
and the low subscription at present paid by Students does not permit any 
reduction to be made. ; 


The following will be the rates for 1944 therefore :— 


Home Home not Abroad Abroad not 

receiving receiving receiving receiving 

Journal. Journal. Journal. Journal. 

Founder Members ... 6 > 2 rae 6 
Fellows 4 4 0 6 3 3 0 
Graduates (age 21-25) rit 6 2-6 il 6 
(age 26-28) 212 6 2. 12 2 29 
Companions 6 2.2.0 1 il 6 


Those members who forego their Journal are kept informed of the activities 
of the Society by having the Monthly Notices sent to them. 


Journal Binding Costs. 


Owing to increased costs, the prices of binding of all Journals will be as 
follows :— 


1941 (excluding Library Catalogue) ... go 
1941 (including Library Catalogue) ... 10° 0 
Library catalogue bound separately ... 


Journals should be sent direct to :— 
The Lewes Press, Limited, Friars’ Walk, Lewes, Sussex, 
and the remittance to :— 
The Secretary, Royal \eronautical Society, 


4, Hamilton Place, London, W.1. 


Duplicate Magazines. 

The Secretary of the Institute of the Aeronautical Sciences would very much 
appreciate it if a member of the Society could supply the Institute with any of 
the following, which were lost in transit, and are required to complete their 
bound file volumes. There are no copies available at the publishers. 

Flight, April 8th, 1943. 
Aircraft Production, Vol. 5, No. 53 (1943). 
Aircraft Engineering, February, 1943. 
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Approximate Solution for Tapered Pin-Ended Struts (Correction). 

In equation (21) the bracket sign immediately after the term 267° in the 
numerator on the R.H.S. should be deleted. As the expression stands at the 
moment there is some confusion as to the sign of the last term, 0.0736 (. 


In its correct form, the — should read 


2b 

21 
€ { 0.1750 B-+0.0070)~ 2 


Additions to Library. 
’amphlets in italics with location reference following in) brackets. 
Books marked * may not be taken out on loan. 

B.a.308.—The Red Force. John Stroud. Pilot Press, Ltd. 1943. 5/-. 

B.c.64.—Men-Birds Soar on Boiling Air. Fredk. G. Vosburgh. (Article in 
‘National Geographic Magazine,” July, 1938.) (Y.10.a.10¢.) 

Trailers—Post-War Freight Cars at the Skyways. BR. 

Parkinsouw. (Photostat from article US. Air Services,” Ocl., 1943.) 

B.e.41.--The Design and Construction of Flying Model .\ireraft. (3rd Ed.) 
D. A. Russell. Aircraft Technical Publications, Ltd. 1943. 10/6. 
B.f.88.—Adventures with Birds of Prey. F. and J. Craighead. National 

Geographic Magazine. 1930. (Y.7.b.4b.) 

*B.g.131-133.—A\ircraft of the Fighting Powers. H. J. Cooper and O. G. 
Thetford. Vol. If (1942); Vol. IIT (1942); Vol. IV (1943). Harborough 
Publishing Co. (.\ireraft Technical Publications, Ltd.). Price 21/- each 
volume. | 

*BB.d.33.—Quick Release Fasteners on German Aircraft. M.A.P. Official 
Description (Stencil), 26/11/43, and Correction, 6/12/43. (Y¥.3.111.25.) 

Aviation in Canada, 1942. (Statistics. ) Bureau 
of Statistics. togg.  (Steneil.) (File Case.) 

D).b.1g8.—International Transport. Brig.-Gen. Sir) Osborne Mance. 
Oxford University Press. 1943. 
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D.b.1g9.— Airways for Peace. Edward P. Warner. Reprint from Foreign 
Affairs,’’ Oct., 1943. (Y¥.6.a.35.) 

London Airport. from Second Interim Report of 
the London Regional Recorstruction Committee, Loyal Institute of 
British Architects, May, 1943. (PD.4.a.7.) (Note: The full Report is 
under ref. Q.d.56.) 

D.f.4o and 41.—Speculations on Atriworthiness and Operating Regulations. 
Kdiward P. Warner. Lecture before Sept. oth, 1943. (Steneil.) 
(Two copies. (Y.t2.a.14 and 15.) 

E.b.95.—Formule for Stress and Strain. (2nd Ed.) R. J. Roark. McGraw 
Hill. 1943. 21/-. 

EE.b.78.—Nuapicr Sabre Aero Engine. M.A.P. Press release, Jan. 13th, 
1944. (Stencil.) (Y.7.d.N.) 

EF.c.74.—Power Plant Trends. George J. Mead. Lecture before R.Ae.S., 
1937. (Stencil.) (¥.7.a.7b.) 

G.c.17.—Mechanical Testing of Metallic Materials. (2nd Ed.) R.A. 
Beaumont. Sir Isaac Pitman. 1944. 8/6. 

e.F.17.—How Rubber has been Saved. Report of British Rubber Federa- 
tion, Dec. 31st, 1943. (Stencil.) (¥.13.c.R.) 
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*I.b.18.—The Hypergeometric and Legendre Functions with .\pplications to 
Integral Equations of Potential Theory. Chester Snow. Nat. Bureay 
of Standards, N.Y. (Dept. of Commerce.) 1943. 20/-. 

of the Exponential Function. Federal Works gency, N.Y, 
1939. 20/-. 

*I.e.27 and 28.—Tables of Sine, Cosine and Exponential Integrals. Vols. | 
and II. Federal Works Agency, N.W. 1940. 20/- each vol. 
*].e.29.—Table of Arc Tan X. Federal Works Agency, N.Y. 1942. 20/- 

Q.b.72.—Carnegie United Kingdom Trust: 29th .\nnual Report (1942). 

Q.c.42.—Education Bill, 1943. H.M.S.O. 1943. 1/6. (PQ.1.b.15.) 

Q.c.43.—Explenatory Memo, to Education Bill, 1943. H.M.S.O. 1943. 
3d. (PQ.1.b.16.) 

Q.d.56.—Greater London: Towards a Master Plan. Second Interim Report 
of the London Regional Reconstruction Committee, Royal Inst. of British 


3 Architects, May, 1943. su 
R.c.273.—I Palloni Dirigibili. Prot. Federico Rosario. Vallardi, Milan, 
IQI1O. str 
S.a.136.—En Plein Vol. (Souvenirs de Guerre \érienne.) Marcel Nadaud, (a 
Hachette, Paris. 1918. the 
S.b.132.—The Birth of the Royal Air Force. Air Com. J. A. Chamier, 
Sir Isaac Pitman and Sons. 1943. 15)-. 
S.e.77.-—Polish Wings Over Britain. L. G. Marsh. MaxLove Publishing | be 
Co. 1943. 3/6. (PS.3.a.19.) 
T.a.108.—Amy Johnson. Hubert S. Banner. Rich and Cowan. 1933. 
*X.c.F.8 and g.—Aeronautical Dictionary: French-English, English-French. } po" 
Free French Air Force.» G. G. Harrap. 1943. 10/6. (Two copies.) | 
*UU.c.—Nuational Advisory Committee for Aeronautics: Technical Memoranda: ai 
No. 1,051. The Coupling of Flexural Propeller Vibrations with the v 
Torsional Crankshatt Vibration. J. Meyer. (From D.L.F.F. Jahr 
buch, 1938.) d 
No. 1,052. Determination of the Mass Moments and Radii of Inertia 4 
of the Sections of a Tapered Wing and the Centre of Gravity Line |“! 
Along the Wing Span. V. V.Savelyev. (C.A.H.I., No. 452, 1939. : 
No. 1,054. Heat Transfer and Hydraulic Flow Resistance for Streams) ‘4 
of High Velocity. V.L. Lelchuk. (Jour. Tech. Physics, U.S.S.R., 
No. 9, 1939.) I. 
J. Laurence Pritcnarp, Secretary and Editor. 1 
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STRESS CONCENTRATION IN) COLD-RIVETED JOINTS 
UNDER LOAD.* 
M. 
Schweizer Archiv., Vol. 3, No. 2, Feb., 1937, pp. 41-46. 
Translated by L. J. Goopuert. 


SUMMARY. 

investigations have shown that with the addition of Kirsch's supplementary 
stresses to the elastic expansion and rivet side-thrust, there is a liability to 
dangerous stress concentration at the edge of the rivet hole. The influence of 
these edge stresses on the adjacent hole(s) and the plate margin, also requires 
investigation, 

However, since in spite of this disadvantage, riveting is in practice found to 
be superior to welding, it is evident that the edge stresses must be effectively 
neutralised by combined elastic and permanent deformation of the material around 
the hole. At the same time, the unavoidable weakening of plate and hole edges 
by hair cracks, ete., makes it advisable to pay special attention to the following 
points :— 

1. The initial stresses, in the plates to be joined, should be kept as low as 
possibie. 

2. Rivet holes should be accurate and cleanly finished. 

3. Rivets should not be too closely spaced. 

4. The plate margin should be wide enough to avoid risk of breakdown through 
stress Concentration due to hair-cracks or small notches. 

5. The edges of the plates and rivet holes should be reamed to remove hair 
cracks and local crumbling. 


INTRODUCTION. 

The use of high duty, light metal alloys has recently been extended far beyond 
their original sphere of aeronautical engineering, and they have been successfully 
applied to the construction of both road and rail vehicles. 

For such heavy substantial structural components, riveting has remained the 
prelerred method of connection; the consequent increase in the scantlings of 
plates and rivets involved, now makes it necessary to differentiate the applicable 
riveting technique from the standard practice in the assembly and riveting of 
structural steelwork. ‘This has already been done in a number of theoretical 
and practical studies, for details of which the reader is referred to the standard 
handbooks and literature on aluminium. ! 

Riveting in light alloys differs essentially from steel riveting in that the load 
isnot transmitted by uniform shrinkage of a hot-clenched rivet and consequent 
compression of the joint, but by the side-thrust (bearing pressure) of the cold- 
clenched rivet in the hole. This consideration neglects, however, the radial and 


* Printed by permission of the Ministry of Aircraft Production (R.T.P.). 
+ v. Zeerleder: AIAG Blatter. 
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tangential stresses set up in.the plates by the elastic lateral expansion of the | 
hole, which completely upset the normal calculated stress distribution in the joint, | 

\ further point practically disregarded by the analyses given in current litera. 
ture on the subject, but which may operate owing to the absence of an 
compressive effect of the cold-clenched rivet, is the induence of the initial stresses 
in the plates, on the stress distribution at the rivet hole.* 

These stress-raising factors, capable of giving rise. to dangerous stress. 
concentrations are analysed quantitatively on an elementary example of a single. | 
row riveted joint, as a groundwork for the development of a more complete 
testing technique to furnish the ultimately correct values. In this connection, 
photo-electric tests should be capable of giving a good insight into thes 
complicated stress conditions. 
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Abb. | Einschnittige Nietung 


1. 


Single-row riveting. 


The present investigation was conducted with two different rivet spacings, 
in order to demonstrate the manner in which with decreasing pitch, the stresses 
at the edge of the rivet hole are affected by the elastic expansion of an adjacent 
hole, and the corresponding necessity of adjusting the spacing of the rivet from 
the edge of the plate. 

The elastic expansion of the hole by a cold-driven rivet has been particularl 
investigated and measured by the research workers of the A\luminium-Industri 
A.-G. Neuhausen. It sets up tangential and radial stresses in the plate, which | 
decrease with the square of the distance from the rivet centre. These stresses | 
can be calculated with satisfactory approximation by the theory of shrinkage, 
on the assumption of an over-dimensioned rivet driven into a hot and consequenth 
expanded hole. 


*** Aluminium in Transportwesen '' (Aluminium in Transport Engineering) K- 
Circular No. 5, June, 1936. per 
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STRESS CONCENTRATION IN COLD-RIVETED JOINTS UNDER LOAD. 


Radial stress :— 
— py (1° 
Tangential stress :— nae 
+P, (1? 
Shrinkage stress :— 


p,=3EQ/r, 


N 
1115 kg/cm Tmax = 1050 kg/em 
#40003 
500} 
Gr 
+ fill | 
| 
\ | / 
Abb. 2. Elastische Lochaufweitung. 1'/.%,, (t = 2,5 d). 


FIG. 2. 
Elastic expansion. 


- Oo + 500 1000 1500 2000 Kglom* 
Abb. 3. Lochlaibung (¢ = 2,5 d). 
Fic. 3. 


Rivet bearing pressure (side thrust). 


where r=radius of rivet hole, em. 


a=distance of stress point from rivet centre, cm. 


=modulus of elasticity (=700,000), kg./cm.°. 
A=celastic expansion, cm. 
p,=unit shrinkage stress, kg./em.?. 


The elastic expansion was assumed to be 0.15 per cent. in excess of the 


permanent plastic deformation. 
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The stresses at and near the edge of a hole resulting from the initial stresses | 
in the plate have been determined by Kirsch’s method ;* although the assumption 
of a symmetrically-equal tensile stresses is not entirely applicable owing to the 
concentrated transmission of the load at the rivet hole. Hence :— 

Tangential stress :— 


Radial stress :— 


Omax = 1500 kg/em? Smax = 1518 kg/cm* 


Abb. 4. Aussere Beanspruchung im Blech (¢ = 2.5 d). 
FIG. 4. 
Initial plate. stress. 


Agkm* 


- 500 


Omax = — 500 kg/em? 


| 


Abb. 5. Aussere Beanspruchung im Blech (t= 2,5 d). 
5. 
Initial plate stress. 


* See Appendix to present translation. 
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j where p=initial load on plate, kg./cm.’. 
x =distance of stress point from rivet centre, em. 
r=radius of rivet hole, cm. 
@=angle made by the direction of force with the line joining the stress 
point and rivet centre. 
The initial load was assumed at 500 kg./cm.?. 
The development and numerical value of the side thrust of the rivet in the 
| hole has been based on the assumptions indicated in the accompanying drawing, 
since the further variation caused by the bending moments in the rivet: shank 
proceeding from the effect of the transmitted load is practically indeterminable. 
These stresses will also decrease with the square of the distance from the 
rivet centre. 
These three principal stress components—side-thrust, initial load, elastic 
expansion—can finally be summated algebraically in a total stress peak, the 
value of which may be surprisingly high. The following analysis is directed to 
discovering the order of magnitude of such = stress concentrations, on the 
simplifying assumptions indicated by Fig. 1. 


1000 


Abb. 6. Sunmenkurve o¢ und 6; quer zur Kraftrichtung 
(t= 2,5 d). 
Fic. 6. 


Curve of total stress transversely to direction of force. 


I]. CLosELY-Spackp Rivets (PitcH t=2.5 d). 
Conditions were aaalysed at four points on the: periphery of the hole, Nos. 1, 
2,3, 4 with a rivet spacing of t=2.5 d and a plate thickness of s=0.5 cm. 


Hence :— 
Rivet diameter d=1.3 cm. 
cir 
C=2.0 CA. 
The initial stress in the plate was assumed constant at :— 
p=500 kg./cm.’. 
The corresponding equations of stress are :— 
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Or=—P, 
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At the edge of the hole, since a=r, 7=1,050 kg./em.*, where o,=tensile and 


ov,=compressive stress. Disregarding any influence of a neighbouring hole, the, 
stresses along the edge of the hole are uniform. The actual plotted curve. 


however, includes the influence of a neighbouring hole; at Point 4, for instance, 
it amounts to 65 kg./cm.*, so that the total stress there is 1,115 kg./em.°. 

With the selected spacing of ¢=2d from the plate edge to the rivet centres, 
the stress at the plate edge is 65 kg./cm.?. 


Sipe Turustr (RivET BEARING PRESSURE). 
In the direction of force, Point 1, section “ z—2.’ 


Approximately 


‘-hursch 
1 1P. 


| 
Lochau fweituag, Lochlaibung (+) 2p 


Elastic Expansion 
@) Side Thrdst 


500 oO 1000 2000 3000 
kglem? 
Abb. 7a. Summenkurve 07 in Kraftrichtung (¢ = 2,5 d). 
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7a. 


Curve of total stress in direction of force. 


The side thrust acts conformally only in the one half of the rivet hole. The 
mean stress is in the actual case :— 
this value also decreasing with the square of the distance from the rivet centre. 
Here again the tensile stress is represented by o, and the compressive stress by 
o,; hence, at the edge of the hole :— 


kg./cm.? 


7,=—1,125 kg./cm.* 


as 
ex 
do 


an 
va 
Wi 


th 


2 ) 
— 
| 
= 
: 
we 
: 
| 
Q H 
H 
H 
H 
i 
i 
H 
; H 
H 
| 
‘ 


sile and 
ole, the , 
curve. 
Nstance, 


centres, 


ep, The 


centre. 
ress by 


STRESS CONCENTRATION IN) COLD-RIVETED JOINTS UNDER LOAD. a 


Tests have shown that the side thrust on the edge of the hole can be as much 
as twice Or two and a half times the value of the mean stress p,- In the present 
example, consequently, curves have been plotted both for the simple and the 
double mean stress p,. 

For the extreme Point 1, the tangential tensile stress thus becomes 25 
and 2,250 kg./em.* respectively, the radial compressive stress being of the same 
value. .\t the edge of the plate (b=2d) the residual stress due to side thrust 
will be 75 and 150 kg. em.* respectively. 


Kirsch _\(+) 


@) Lochlabung (-) 2p, 


Elastic Expansion 


(2) Side Thrust 


| 
3000 “2000” 1000 0 500 
kglem Zz 
Abb. 7b. Summenkurve o; in Kraftrichtung (t= 2.5 d). 
Fie. 7b. 


Curve of tolal stress in direction of force. 


INITIAL STRESS IN THE 


(1) Transversely to the direction of force :—Points 2 and 4, cross-section 
y 
The initial stresses have been caleulated, as already explained, by Kirsch’s 
equations, 
Since cos 29 Is unity for both Points 2 and 4, the stress development at 
these points is identical. 
At the edge of the hole: 
o,=1,500 ke./cm.*, o 


The tangential stress at the edge of the hole is three times the mean stress, 
but thereafter decreases abruptly, and asymptotically approaches the initial plate 
‘tress of 500 kg./em.*. At the edge of the plate the residual overstress is only 
. Here also the influence of a neighbouring hole is clearly apparent. 
Ihe radial stress, which is zero at the edge, first rises to about 190 kg./cm.*, 
and then also approaches the zero line asymptotically. 
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(b) In the direction of force :—Points 1 and 3, cross-section z—z."’ 

These stresses have also been determined by Kirsch’s method. At the edge ! 
of the hole the tangential compressive stress in 500 kg./em.?; this, however, 
rapidly decreases, crosses the zero line and assumes a small positive value, and 
finally approaches zero at infinity. 


} 
t 
4000 
t 
ti 
500 
Abb. 8. Elaslische Lochaufweitung 1'/,°/,, (t = 54d). ' 
Fic. 8. 
ilastic expansion. 
' 
x 
3 
| 
| the 
- 0 + 500 7000 1500 kglem® str 
7, me 
Abb. 9. Lochlaibung (t= 5 d) 
IG. Q. Il] 
Rivet bearing pressure (side thrust). I 
Phe radial stress is zero at the edge of the hole and rises to 500 kg./ome i) y_ 
infinity. 
It is now possible to set up the curves for the algebraic total stress. 
0 
THe ALGEBRAIC Toran Stress Ccrves. 
(a) Transrersely to the direction of force :—Points 2 and 4, cross-sectio 


At Points 2 and 4 the side thrust is zero, the cumulative stresses are, therefor bot] 
only the elastic expansion and the initial stress in the plate, as well as th) pL 
additional stresses determined by Hirsch. 
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As shown by the plotted curve, the resulting peak stresses are quite consider- 
able. ‘he mutual infiuence of neighbouring holes in closely-spaced -riveting is 
also quite obvious; between two holes, e.g., in the actual case of a pitch of 
t=2.5, the stress is almost double the mean stress in the plate. The peak 
stress at the edge of the hole occurs at Point 4, and attains a value of 


2,633 kg./em.°. 


(b) In the direction of force :—Points 1 and 3, cross-section “* z— 2. 

At Point 1 all three component stresses are cumulative; at Point 3 the side- 
thrust is inoperative. Fig. 7a shows the tangential stresses at Point 1. The 
initial plate stresses calculated according to Airsch, are marked ‘* Kirsch *’ on 
the diagram; these have a damping effect on the peak stress, the maximum 
value at Point 1 being o7,=1,675 kg./em.*, with simple side-thrust, the peak 
tangential stress with doubled side-thrust being 2,800 kg. /cem.?. 
develops similarly, as shown in Fig. 7b. 


The radial stress 


7500 } 

1000 | | 

| | 
| 

| | 

| 


Abb.10. Aussere Beanspruchung im Blech (t — 5d) 


FIG: fo: 


Initial plate stress, 


The overstress according to Kirsch is zero at Point 1; the resultant peak of 
the combined elastic expansion and simple side-thrust stresses, is 2,175 kg./em.* 
in compression, and 3,360 kg./em.? with the doubled side-thrust. The radial 
stresses, on the other hand, decrease very rapidly, progressively approaching the 
mean tensile plate stress of 500 kg./cm.?, contrary to the tangential stresses 
tending to zero. 


IT. WiprLy-Spacep Rivets (t=5 d). 

It will now be attempted to determine the influence of rivet pitch on the stresses 
inthe plate between the rivet holes, repeating the calculations for double pitch 
('=5d) without regarding the influence of side thrust. 

Fig. 8 shows the influence of elastic expansion. While with a close pitch 
ol t=2.5d, the overstress in the plate between two rivet holes is about 
350 kg./em.*, with a wide pitch this falls to 80 kg./em.?. The peak stresses at 
the edge of the hole are not materially affected by the spacing. 


Fig. g shows the influence of side-thrust. The example is calculated on the 


assumption that the initial unit stress on the plate is maintained at 500 kg./em.4 
both for close and wide spacing: t=2.5d or t=5.0d; but since the total load 
f=500. 9.1 increases proportionally to the area ‘‘ f,”’ 
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Abb. 11. Summenkurve % und quer zur Kraftrichtung 
'(t—S5d). 
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Abb. 12a. Summenkurve of in Krafirichtung (t = 5d) 
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STRESS CONCENTRATION IN COLD-RIVETED JOINTS UNDER LOAD. 4] 


the same number of rivets will rise to 1,750 kg. cm.?, which is no longer prac- 
tically permissible. Since, as already stated, it is only intended to examine the 
influence of rivet spacing on the stresses in the plate between rivet holes, Fig. o 
has been calculated with the simple side-thrust only. The example essentials 
demonstrates that it is obviously impossible to vary the rivet spacing arbitrarily, 
but that there exists only one suitable spacing for optimum. stresses in) both 
directions. 

The initial stresses in the plate are affected as follows — 

(a) Transversely to the direction of force :—Cross-section * yoy. 

Fig. 10 shows that the influence of a neighbouring hole is already very slight. 
The stress peak at the edge of the hole has not materially decreased, but the 


overstress In the portion of the plate between the holes is still only 22 ke. em.%, 
while for a rivet spacing of t=2.5 d it was 120 kg.'cm.?. 


+ 


O 500 


3000 2000 
kg/cm? 
Abb. 12b. Summenkurve o; in Kraftrichtung (t= 5 d). 


1000 


im Punkt 1 eine Resultante von 2800 kgjem?. 


Liirich, Ingenicurbureau Dr. M. Koenig. 


Fic. 12b. 
Curre of total stress in direction of force. 


(0) In the direction of force :—Points 1 and 3, cross-section “z= 2. 
lhe stress condition is the same as that represented in Fig. 5 for close-spaced 


rivets, the development of the stress values being identical. 
The algebraic total stress curves show the mitigating effect of wider rivet 
spacing still more clearly. 


(a) Transrersely fo the direction of Force :—Points 2 and 4, cress-section 


The peak stress at Point 4 has fallen from 2,633 kg.em.? for f=25d, to 


5 
2,506 kg./em.? for ¢.d5.0d. In the plate between the two rivet holes, the 


reduction is Qgo-600 = kg./cem.?. 
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At this cross-section, the influence of the radial stresses is less, the peak 
attaining only 1,050 kg. cm.* and very quickly tending to zero. The tangential 
stress again progressively approaches the initial plate stress of 500 kg. ‘cm? 
Only tangential stress need be considered. 


(b) In the direction of force :—Points 1 and 3, cross-section 2— 


Fig. 12a shows the great influence of unilateral concentration of the 
thrust on the tangential stress at the edge of the hole. The overstress according 
to Wirsch, again has a damping effect. In other respects, the remarks t 
Fig. za apply. 

Fig. 12h shows that the radial compressive stresses produce a total stress peak 
of 2,800 kg.cm.? at Point 1. 


APPENDIX. 


(3) Extract from ** Theory ot Elasticity in Relation to the Theory of Strength,’ 
Dr. Kirsch, Z.V.D.1., Vol. 42, No. 29, 16th July, 1898, pp. 798-799. 

For the analysis ot such a case, assume a sheet of metal of infinit 
extent under uniform stress in every direction, provided with a circular hole, 
Then, the originally everywhere uniform stress distribution will become disturbed 
around the hole, the divergence attaining its maximum in the region bordering 
the hole. Even without calculation, it will be obvious that along any circle 
coneentric to the hole, there will be a uniform peripheral stress o,, as well as a 
wniform radial stress o, normal thereto; which will be the principal stresses at 
the point in question. Furthermore, in accordance with Hooke’s law, the stresses 
and must have the values : 


where p=stress in the intact plate. 
‘=distance of the stress point from the centre. 
a=radius of the hole. 

The sum of the two stresses is therefore, as before, everywhere equal + 
2p: at a little distance from the hole, the difference between the two con- 
ponents is slight: e.g., for r=5 4, o,=1.04 p, o,=0.90 p; while at the edge 
the hole, i.e., with r=a, the values are o,=2 p, o,=0. The rapid reduction ir 
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of equal peripheral or radial stress are plotted for intervals of 0.1 Thus, at 
actually only the peak stress value were decisive, a plate pierced by a hole should 
rupture at the edge of the hole at the half of the ultimate stress of the 
unpierced plate; more exactly, in fact, the strength would be determined, not 
by the ratio p: 2p, but by that of (m—1):2m, since it is not the stress ratio, 
but that of the relative elongation which is decisive. In the present investigation, 
however, this difference was relatively of no importance, since no facilities were 
available for examining the actual behaviour of plates pierced with holes, under 
universally constant tensile stress. 


Fig. 5. 
Houptspannunger 
(Langsrichtung ) 


+095 


(Querrichtung) 
Hauptepannungen ir. 


Fig. 5. 
Hauptspannungen principal stresses. 
Langsrichtung =longitudinal aais. 
Querrichtung “=transverse aais. 


It was only possible, instead of the universally-clamped plate, to test a plate 
clamped at one edge, and to determine the distribution of the stresses around a 
crcular hole by preliminary calculation, for the case of applicability of Hooke’s 
law. The requisite analysis proved so tedious that even partial recapitulation 
in the present paper proved impracticable. Only some of the results can be 


} 
1 
rengetn, 
\ 40:9 
40.5 
\ 
| x \ 
| | 
4 0,0% 0 4Q 400% 
Coy 
‘oO 
"I! 
: 
> () ™ 
+ ott | 
\) 
: 
+002 
| 
| 
| 
| 


44 M. KOENIG. 


quoted, according to which p, and p, are no longer equal for points on a circk 
of radius r concentric to the hole, but are still dependent on the angle 6 mad, 
by the radius with the direction of action of the principal tensile stress, regarded 
as the longitudinal axis of the plate; furthermore, the components p, and py ar 
no longer principal stresses, since the accompanying shearing stress 7,y, tending 
to change the right angle between the direction r and u, is generally not equal 
to zero. The equations of the decisive stresses are :— 


ae 
I + 2 sin 2¢ ol 


which show, first of all, that for r=a, ¢.e., at the edge of the hole, the radial | th 
and shearing stresses vanish, while the then remaining circumferential stress 
assuines either the minimum value —p or maximum value + 3p. For the region | 


surrounding the hole, the stresses have been calculated for a number of points | . 
and plotted as lines of stress concentration, shown in Fig. 5. The regions oj 
negative stress are indicated by shaded lines, and it will be observed that the} “ 
two principal stresses I and IL coincide with the longitudinal and transverse 
axes only at a considerable distance from the hole, while in the immediate 
vicinity they deviate considerably ; an exception is made only by the points o 
the longitudinal and transverse axes themselves, where the direction of the 
principal stresses remains unchanged to the edge of the plate. The unpierced 
plate of course has equal principal stresses everywhere, /.¢., 7, =p in the direction 
of tension, and o,=o in the transverse direction; this indicates that the stresses 
in the pierced plate will increasingly agree in magnitude and direction, with 
increasing distance from the hole; the peak stress is 7=3p, ¢.¢., three times 
as large as the longitudinal stress in the unpierced plate. If, consequently, the 
pierced plate is to behave completely elastically up to incipient rupture, fracture 
would commence always from.the edges of the hole at the ends of a transvers 
diameter—and at a mean longitudinal stress of one-third the rupture strength 
of the unpierced plate. ae 
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ot equal THE INFLUENCE OF REYNOLDS NUMBER AT HIGH 
MACH NUMBERS.* 
A. FERRI, 


\iti di Guidonia, No, 67-69. Luftwissen, Vol. 10, No. 3, March, 1943, pp. go- 


} The experiments were carried out in the high speed wind tunnel at Guidonia 
on three brass spheres of 40, 60 and 80 mm. diameter, supported on rear spindles 
and on two steel cylinders of 15 and 30 mm. diameter respectively, which passed 
through the air jet. 


radial 
} Both the total drag and pressure difference between the front stagnation point 


region 
ie and a variable point at the rear were measured. 
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eions of The pressure distribution on similar models which could be rotated and which 
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Cy us a function of Re with Mas pariuneter. 


RESISTANCE OF SpHerrS. (Re range 20— 80x 1c'.) 
For high Mach numbers (.8 and .o), (, is independent of Re (Reynolds 


tumber) and equal to .325 and .340 respectively. At M=.7, C, undergoes 
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a slight change with Re, the values ranging trom .30 (e=20x 10') to .28 4 
10". 

For Mach numbers between .3 and .67, Cy, after a slight preliminary decreas 
with increase of Re undergoes a sudden drop at Re gy to a minimum value 
followed by a slight subsequent rise. This minimum value of C, amounts 1 
about 13 to 1,4 of the corresponding value at Re=20x 10". Regi, increases 
with M, as will be seen from the accompanying table. 

The drag measurements were confirmed by pressure plotting and_ striatio; 
photographs of the field of flow. 


Fic. 2. 
Pressure distribution on sphere 
x10". 
( = positive pressure 
o=suction 


} as fractions of 


Dotted circle corresponds to local M=.1. 


At these points (azimuth 80° and 280° respectively) a shock wave is tormed. 


It appears that the critical drag at low Mach numbers up to ~ .b is mainly 
due to the frontal dynamic head, the rear of the sphere being practically at 
static pressure (adhesion of flow). At high Mach numbers, however, a lateral 
shock wave is set up leading to a region of considerabie negative pressure over 
the rear of the sphere and producing increased drag. 

It is clear that under these conditions the sphere can no longer be uscd as é 
turbulence indicator. 

It should be pointed out that these results apply to cylinders and spheres and 
that for aerofoils, (,, at M > .7 are likely to be a function of Re (thickness o! 
boundary layer). 
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THE INFLUENCE OF REYNOLDS NUMBER AT HIGH MACH NUMBERS. AT 


VARIATION OF RESISTANCE COEFFICIENT FOR SPHERE. 


Cp 
Mach Number 
Re ~ 10+ ‘4 ‘0 ‘07 
20 .250 .257 .270 .280 300 2325 
40 . 180 .220 -240 -250 .260 300 
45 :06* -O7 .240 
50 — .190 .230 -240 -297 = 
55 -O7 .075 -230 -293 (5 
60 .075 ,070" . 190 .220 | 2 
- — .080 -095 
-O9C .0o80* .185 .280 | ~ 
8o — 100* 


* Critical Value. 
— Not determined. 


3: 
Pressure distribution on sphere 
It will be noted that the max. dynamic head (frontal stagnation point) follows 


very closely the theoretical value qy=q.(1+4M*) where q,=dynamic pressure 
at zero M (incompressible flow). 
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Comparison of Figs. 2 and 3 shows that at the lower Reynolds number \/ =.;: 
there exists only a small region of positive pressure (p=.1q) at the rear of th 
sphere. The flow is thus almost adherent and this accounts for the low drag 
.O85). 


At W=.7 (Fig. 2), the lateral points of static pressure have moved slight) 
to the rear and a shock wave occurs at azimuth 80° and 280° respectively. This 
causes «a collapse of the lateral suction field and its transfer to the rear of the 
sphere which is now subjected to a constant suction of ~ .35q. 


(), rises to .28 due to flow separation. As will be seen, C,, is independent , 


of Re tor M=.8 and .g respectively. This independence is maintained tor the 
supersonic range (M=1.85 and 2.13 respectively) C, having a constant value 
of .6. 

The lateral points of static pressure now travel back to almost the diametrel 
position and striation photographs show the presence of a shock wave in front 
of the sphere. ' 

The increased pressure drop in the low pressure region corresponds to a higher 
curvature of the stream lines, similar to the case of thin aerofoils at speeds close 
to sonic values. 

Under these conditions the sphere no longer acts as a turbulence indicator for 
the flow. In the case of aerofoils the change over from laminar to turbulent 
flow behind the first lateral shock wave may also depend on the thickness of the 
boundary laver and therefore on the Reynolds number. 
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REVIEWS. 


Map READING AND AVIGATION. 
By Richard M. Field and Harlan T. Stetson. Chapman and Hall, Ltd. 
1943. 

This book, by two .\merican authors, comes as a welcome addition to the small 
amount of material available to those who are studying map reading from an 
aeronautical standpoint. It is intended for the ab initio student and is planned 
for division into 26 class or laboratory periods of two hours each*on map reading, 
and a similar period on ** avigation *’ (that practical but ugly American synonym 
for air navigation). In the Appendix are a number of supplementary problems, 
together with specimen pages of the Air Almanac, the U.S. Hydrographic Office 
lables, and other reference works for navigators. A bibliography and vocabulary 
of special terms are also included, and the book has a good index. 

The layout is both practical and attractive, with its clear type and lavish 
illustrations. These for the most part show paired views of a landscape (actual 
or modelled), with the contour map made from it. From an English point of 
view it is perhaps a drawback that the examples and illustrations are all taken 
from the western hemisphere. Our own comparatively featureless and ** mud- 
died ’’ countryside, for example, offers the pilot or map-reader no such crisp 
outlines as those of the contour agriculture and contour ploughing shown in 
Figs. 15 and 16. Some excellent diagrams illustrating the different types of 
map projection are contained in the second half of the book. 


PLEDGES WINGS. History or THE DANIEL GUGGENHEIM FUND FoR 
THE PROMOTION OF AERONAUTICS. 
R. M. Cleveland. Pitman Publishing Corporation, New York and Chicago. 
1943. $4.50. 

lhe name of Guggenheim will ever remain one of high hosour in the history 
of aeronautics. To no one man, indeed, has the ** promotion cf aeronautics * 
owed so much, as it has to Daniel Guggenheim. This is the story which began 
in 1925 when Harry F. Guggenheim, an enthusiast for aviation, if ever there 
was one, talked to his father. Harry Guggenheim’s immediate object was to 
raise $500,000 to start aeronautical education at New York University. The 
conversation ended with Daniel Guggenheim subscribing the whole sum himself 
and so founding the Daniel Guggenheim School of .\eronautics at the University. 

But Daniel and Harry Guggenheim had that rare insight which is given to the 
fev. They saw that the aeroplane would, ultimately, bring peace to the world, 
despite its obvious uses for war, and they decided to devote the whole of their 
energies to putting aviation on the map of the world, and making the world 
air-minded. 

In January, 1926, Daniel Guggenheim wrote to Mr. Herbert Hoover, then 
Secretary of Commerce in the United States Government, offering to establish 
the Daniel Guggenheim Fund for the Promotion of Aeronautics with a sum of 
$2,500,000. He outlined that the broad purposes of the fund would be (1) to 
promote aeronautical education both in institutions of learning and among: the 
general public; (2) to assist the extension of fundamental aeronautical science 
(3) to assist in the development of commercial aircraft and aircraft equipment 
and (4) to further the application of aircraft in business, industry and other 
economic and social activities of the nation. 
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Mr. Hoover, backed by the President, Mr. Coolidge, agreed to help this mos 
generous proposition, which was governed by a Board ot Trustees of eminey 
men in the Government and aviation, with Harry Guggenheim as its Presiden’ 
Almost immediately following the announcement of the fund, Harry Guggenhein 
and Admiral Cone sailed for Europe to make a tour of the principal countries jy 
see how they could promote the advancement of aeronautics. ; 

Their first visit was to the Royal Aeronautical Society in 1926, and _ in the 
August of that year the Fund notified the Society that its first grant was being 
made to them of £/1,000 for the year 1927 for two purposes: (1) Supervising the 
collection and dissemination of important technical information not otherwis? 
widely disseminated, and (2) assisting the Society in maintaining a permaner 
secretary in order more easily to continue its splendid contributions to the 
aeronautical science of the world. 

Further grants of £41,000 were made for the years 1928 and 1929 and a find 
grant of £5,0co in 1930. 

These grants were invaluable. They enabled the Society to expand it, 
activities in all directions, increased its prestige, and placed the Society on 4! 
self-supporting basis. 

Naturally attention has been drawn to the immense help the Fund gave to th 
Society at a very critical period in its history, but it is only by reading this 
account that the full and most remarkable story of the work of the Fund, its 
world-wide influence, and the astonishing effect it had on aviation everywhere, 
can be appreciated. 

It is gratifying to know that in so many ways, particularly in the field of! 
aeronautical education and research, the name of Guggenheim will be for ever 
remembered for remarkable foresight and great generosity. 


A BIBLIOGRAPHY OF AVIATION MEDICINE. ; 
E. C. Hoff and J. F. Fulton. C. C. Thomas, Baltimore. 1942. 

This volume has been prepared for the Committee on Aviation Medicine, off 
the National Research Council, acting for the Committee on Medical Researei 
Office of Scientific Research and Development, Washington. 

To quote from the preface: ‘‘ The performance of modern combat aeroplanes§ 
in range, ceiling, and manoeuvrability has so seriously taxed the human element 
that a new field of study has arisen which, for want of a better term, has been 
designated aviation medicine ’.”’ 

The most astonishing thing about this bibliography is the great amount d 
literature which has already been devoted to the subject. There are close o 
six thousand references, covering every aspect from the History and General 
Aspects of Aviation Medicine, to Selection and Assessment of Efficiency of Flight} 
Personnel, from .\viation and Public Health to such special problems as Parachute 
Jumping. 

A most thorough search has been made of all likely sources of information 
and the result is a bibliography which will be absolutely invaluable to all those 
who wish to enter this rapidly growing branch of medicine. There is an excellent 
index of authors and subjects which add to the value of a work upon which the 
compilers are to be most heartily congratulated. ’ 
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: For compressed asbestos joints to 
Air Ministry Specifications DTD 
378 and DTD 416; and also 


Marseline oil, petrol and 
water joints, consult one of the 

: original makers of joints for the 


aero industry. 


THE SOUTHWARK MANUFACTURING CO. Lto. 


Telephones : Victoria 2722: & 2723 
ESTABLISHED 1903 
On Air Ministry List of Approved Suppliers, Part I. 
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HE Model 7 Universal AvoMeter is the world’s most™i™ 

used combination electrical measuring instrument, . 
vides 50 ranges of readings and is guaranteed accurate 
first grade limits on D.C. and A.C. from 25 to 100 cydét 
is self-contained, compact and portable, simple to operat 
almost impossible to damage electrically. It is protect 
an automatic cut-out against damage through severe ov 
and is provided with, automatic compensation for vat 
in ambient temperature. 


The AvoMeter is one of a useful range of “Avo” 
testinginstruments which are maintaining on active 
and in industry the “Avo” reputation for an unet 
standard of accuracy and dependability — in fis 
standard by which other instruments are judged. } 
: 


Orders can now only be accepted which bear a 
Government Contract Number and Priority Rating 
Sole Proprietors and Manufacturers: 


AUTOMATIC COIL WINDER & ELECTRICK 
EQUIPMENT CO., LTD. 


Winder House, Douglas St., London, S.W.1 Vie 
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+i laid eering and aeronautical courses—over 200—including 
aviga jonal aids, write Aeronautical Engineering ; Aircraft Design ; Aeroplane 
lusttated brochure to Structures ; Aircraft Construction ; Aero Engine Design, 


Construction, Operation and Maintenance; Aerodynamics; 
Aerial Transport; Aerial Navigation ; Meteorology ‘ 
Aircraft Materials, ete., and which alone gives the Re- 
—— for Qualifications such as A.F.R.Ae.S., Ground 
Air Navigator, A.M.1.Mech.E., A; M.1.E.E., 
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GREAT BRITAIN 
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